The CardioMEMS™ HF System is the first and only FDA-approved heart failure monitor proven to significantly reduce heart failure hospital admissions and improve quality of life in NYHA Class III heart failure patients. 1 When used by clinicians to manage heart failure, the CardioMEMS HF System is:
CHAMPION

WIRELESS PULMONARY ARTERY HAEMODYNAMIC MONITORING IN CHRONIC HEART FAILURE: A RANDOMISED CONTROLLED TRIAL
Abraham, et al. The Lancet. 2011. 1 • The aim of this randomized, multicenter, single-blind, controlled study was to evaluate the safety of the system and the efficacy of PA pressure-guided therapy on heart failure hospitalizations:
-NYHA Class III heart failure patients irrespective of left ventricular EF and who had been hospitalized for heart failure within the past 12 months were implanted with the CardioMEMS PA Sensor (n = 550); patients were randomized to either the treatment group (heart failure management guided by PA pressure measurements; n = 270) or the control group (SOC management; n = 280).
• Mean follow-up time was 15 months.
• Both primary safety and efficacy endpoints were met:
-Patients had a 98.6% freedom from device-or systemrelated complications (95% CI 97.3 to 99.4) with no pressure-sensor failures (95% CI 99.3 to 100.0).
-The rate of heart failure hospitalizations at six months was reduced by 28% in the treatment group (p = 0.0002).
• During the first six months of follow-up, compared to the control group, the treatment group had:
-A greater reduction in PA pressure (-156 vs. 33 mean AUC; p < 0.008).
-Fewer patients admitted to the hospital for heart failure (20% treatment group vs. 29% control group; p < 0.03).
-More days alive outside of the hospital (174.4 ± 31.1 vs. 172.1 ± 37.8 days; p < 0.02).
-Better patient quality of life (45 ± 26 vs. 51 ± 25; p = 0.02 based on Minnesota Living with Heart Failure Questionnaire).
KEY TAKEAWAYS:
• The treatment group required < 1 medication change per patient per month compared to the control group (9.1 ± 7.4 vs. 3.8 ± 4.5 changes per patient during the first six months of follow-up; p < 0.0001).
• During the entire follow-up (mean 15 months), PA pressureguided therapy (treatment group) significantly reduced heart failure hospitalizations by 37% compared to the control group (p < 0.0001; Figure 1 ).
• The treatment group had a lower risk of death or freedom from first heart failure hospitalization during the entire follow-up period compared to the control group (p = 0.0086).
SUSTAINED EFFICACY OF PULMONARY ARTERY PRESSURE TO GUIDE ADJUSTMENT OF CHRONIC HEART FAILURE THERAPY (CHAMPION): COMPLETE FOLLOW-UP RESULTS FROM THE CHAMPION RANDOMISED TRIAL
Abraham, et al. The Lancet. 2016. 11 • This CHAMPION clinical trial analysis evaluated the impact on heart failure hospitalizations of the introduction of PA pressure monitoring in the control group (n = 170) of patients and continued PA monitoring in the treatment group (n = 177) during the open access phase of the trial.
• Following completion of the randomized access period (mean follow-up of 18 months), all patients were managed utilizing PA pressure monitoring with the CardioMEMS™ HF System (mean follow-up of 13 months) and evaluated in a longitudinal analysis.
• New access to PA pressures in the control group resulted in a 48% reduction in heart failure hospitalization rates (0.36 vs. 0.68; HR 0.52; 95% CI 0.40 to 0.69; p < 0.0001; Figure 2 ).
• The low heart failure hospitalization rate in the treatment group during the randomized access period was maintained in the open access period (0.45 vs. 0.48; HR 0.93; 95% CI 0.70 to 1.22; p = 0.5838; Figure 2 ).
KEY TAKEAWAYS:
• The longitudinal analysis confirms the effectiveness of the CardioMEMS HF System and supports the findings from the randomized portion of the CHAMPION clinical trial.
• Even after adjustment for longitudinal confounders, new access to PA pressure monitoring for the formerly blinded control group resulted in a significant reduction in heart failure hospitalizations. 280  267  252  215  179  137  105  67  25  10  0  270  262  244  210  169  131  108  82  29 Adamson, et al. Circulation Heart Fail. 2014. 12 • This subanalysis of the CHAMPION clinical trial evaluated the effect of PA pressure-guided therapy with the CardioMEMS™ HF System in NYHA Class III patients with preserved ejection fraction (HFpEF).
Days from Implant Cumulative Number of Heart Failure Hospitalizations
EFFECTS OF PA PRESSURE MONITORING ON HFpEF SUBGROUP
WIRELESS PULMONARY ARTERY PRESSURE MONITORING GUIDES MANAGEMENT TO REDUCE DECOMPENSATION IN HEART FAILURE WITH PRESERVED EJECTION FRACTION
• Of the HFpEF patients (n = 119), 62 were randomized to the treatment group (PA pressure-guided therapy) and 57 to the control group (SOC).
KEY TAKEAWAY:
• PA pressure-guided therapy significantly reduced heart failure hospitalizations for HFpEF patients in the treatment group by 50% compared to those patients in the control group, with an average follow-up time of 30 months (p < 0.0001). Results were associated with a rate of 0.43 events/patient-year in the treatment group vs. 0.86 events/patient-year in the control group (Figure 3 ). Initiation of a PA pressure-guided heart failure management strategy, even in HFrEF patients receiving optimal background medical and device therapy, was able to achieve large, consistent reductions in heart failure hospitalization and mortality in HFrEF patients enrolled in the CHAMPION trial.
Days after Implant
KEY RESULTS:
Prospective Study Results • In the CHAMPION HFrEF cohort, heart failure hospitalization rates were 28% lower than control (p = 0.0013); mortality was 32% lower, trending toward significance (p = 0.06) at 18 months (Figure 4 and Figure 5 ). Reduction Reduction 57% 43% p = 0.0052 p = 0.0002
Preplanned (Prospective) CHAMPION Subgroup Analyses
KEY RESULTS:
• In the CHAMPION HFrEF population (prospective subgroup analysis), heart failure hospitalization rates were 28% lower than control (p = 0.0013) and mortality was 32% lower, trending toward significance (p = 0.06).
• Because there was such a strong signal for improved survival in the prospective study, a retrospective study was done on the CHAMPION HFrEF subgroup, splitting them into groups based on the ability to tolerate GDMT:
-Group 1 (n = 455): tolerated at least one ACEI/ARB and/or BB.
-Group 2 (n = 337): tolerated both ACEI/ARB and BB.
• Heart failure hospitalization in Group 1 was 33% lower than control (p = 0.0002) (left panel, left points).
• Heart failure hospitalization in Group 2 was 43% lower than control (p < 0.0002) (left panel, right points).
• Mortality in Group 1 was 37% lower than control (p = 0.0293) (right panel, left points).
• Mortality in Group 2 was 57% lower than control (p = 0.0052) (right panel, right points).
CONCLUSION:
• PA pressure-guided heart failure management strategy resulted in significant reductions in hospitalizations and mortality in patients receiving prior optimal GDMT.
• Maximally tolerated GDMT at target doses is very important to control heart failure disease progression. There is apparent synergy between GDMT and hemodynamic monitoring in the control of heart failure disease progression.
• This retrospective analysis suggests the impact of GDMT on mortality and heart failure progression is significantly enhanced by avoiding decompensation events using guidance from the CardioMEMS™ HF System.
RETROSPECTIVE STUDY DESCRIPTION:
This paper also included a retrospective analysis of the CHAMPION HFrEF cohort (n = 456), based on strong indicators for reduced heart failure hospitalization and mortality in the prospective subgroup analysis of HFrEF patients.
This study addresses the hypothesis that hemodynamic-guided care benefits patients even if they are already on maximum GDMT.
Evaluated heart failure hospitalizations and mortality based on patients' ability to tolerate full GDMT vs. incomplete medical therapy. 
KEY TAKEAWAY:
• Remote PA pressure data in the treatment group resulted in similar reductions in heart failure hospitalization in patients with and without a CRT device, suggesting that heart failure management guided by PA pressures may provide additive benefits to CRT therapy:
-For patients in the rEF-CRT group, those who received PA pressure-guided therapy had significantly fewer heart failure hospitalizations (RRR = 24%; p = 0.0264).
-For patients in the rEF-no CRT group, PA pressure-guided therapy resulted in a RRR = 23%.
THE UTILITY OF REMOTE WIRELESS PULMONARY ARTERY PRESSURE MONITORING IN PATIENTS WITH OR WITHOUT A HISTORY OF MYOCARDIAL INFARCTION: EXPERIENCE FROM THE CHAMPION TRIAL
Strickland WL, et al. JACC. 2011. 15 • This subanalysis of the CHAMPION clinical trial determined whether PA pressure monitoring affected the clinical outcomes of patients with and without a history of MI.
• 271 of the 550 NYHA Class III heart failure patients enrolled in the CHAMPION clinical trial had a history of MI and were randomized to either the control (n = 137) or treatment (n = 134) groups.
• At six months, there was a 2.2-day benefit of days alive outside the hospital for patients in the treatment group; at 15 months, this increased to 30.1 days.
KEY TAKEAWAY:
• At six months and for the full study duration (mean 15 months), remote PA pressure monitoring had a significant reduction in heart failure hospitalizations for patients with and without a history of MI in the treatment group vs. control (Table 1) . 
IMPACT OF REMOTE, WIRELESS PULMONARY ARTERY HEMODYNAMIC MONITORING IN PATIENTS WITH ATRIAL FIBRILLATION AND CHRONIC HEART FAILURE: INSIGHTS FROM THE CHAMPION TRIAL
Miller, et al. JACC. 2012. 16 • This CHAMPION clinical trial subanalysis compared the baseline characteristics and impact of PA pressure-guided therapy on hospitalization rates in patients with a history of AF (n = 255) compared to those with normal sinus rhythm (n = 200).
• The AF cohort had significant baseline differences compared to the sinus rhythm cohort (older: 65 vs. 59; more often male):
-80% vs. 66%, more frequently had CRT or CRT-D devices.
-44% vs. 27%, higher mean PA pressures: 30.2 vs. 28.5 mmHg, etc.
KEY TAKEAWAYS:
• AF patients in the treatment group had a significantly lower heart failure hospitalization rate than those in the control group at six months (37%; p = 0.0004) and 15 months (41%; p < 0.0001).
AF patients had a 57% higher heart failure hospitalization rate vs. non-AF patients (0.47 vs. 0.30 events/patient; p < 0.0001).
TARGETING PULMONARY ARTERY PRESSURES IN THE TREATMENT OF CHRONIC HEART FAILURE: INSIGHTS FROM THE CHAMPION TRIAL
Adamson, et al. European Heart Journal. 2012. 17 • This CHAMPION clinical trial subanalysis determined whether remote access to PA pressure data may provide a method to identify and treat high filling pressures in heart failure patients at increased risk for decompensation (n = 550).
• At implant, the mean PA pressure was similar in both control and treatment groups (31.8 ± 10.7 mmHg and 31.3 ± 11.1 mmHg, respectively).
PULMONARY HYPERTENSION RELATED TO LEFT HEART DISEASE: INSIGHT FROM A WIRELESS IMPLANTABLE HEMODYNAMIC MONITOR
Benza, et al. JHLT. 2015. 19 This CHAMPION clinical trial subanalysis evaluated the effect of PA pressure monitoring in heart failure patients with comorbid PH (mean PA pressure > 25 mmHg):
• Data were obtained for 314 patients (59%) who had WHO Group II PH. Patients in the PH cohort were further stratified by TPG and pulmonary vascular resistance.
• 67% (213 out of 314) of PH patents had a TPG ≤ 15.
• Patients without PH were at significantly lower risk for mortality than PH patients (HR 0.31; 95% CI 0.19 to 0.52; p < 0.0001).
• PH patients had higher heart failure hospitalization rates than non-PH patients (0.77/year vs. 0.37/year; HR 0.49; 95% CI 0.39 to 0.61; p < 0.001).
• In patients with and without PH, ongoing knowledge of hemodynamic data resulted in a reduction in heart failure hospitalization for PH patients (HR 0.64; 95% CI 0.51 to 0.81; p = 0.002) and for non-PH patients (HR 0.60; 95% CI 0.41 to 0.89; p = 0.01).
• Among PH patients, there was a reduction in the composite endpoint of death and heart failure hospitalization with ongoing knowledge of hemodynamics (HR 0.74; 95% CI 0.55 to 0.99; p = 0.04), but no difference in survival (HR 0.78; 95% CI 0.50 to 1.22; p = 0.28).
KEY TAKEAWAY:
• PH patients are at a high risk for adverse outcomes. Ongoing knowledge of hemodynamic variables may allow more effective treatment strategies to reduce the morbidity of the disease.
HEART FAILURE AND RESPIRATORY HOSPITALIZATIONS ARE REDUCED IN HEART FAILURE SUBJECTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE USING AN IMPLANTABLE PULMONARY ARTERY PRESSURE MONITORING DEVICE
Krahnke, et al. J Card Fail. 2015. 20 The purpose of this CHAMPION clinical trial subanalysis was to evaluate whether PA pressure-guided therapy reduced heart failure hospitalizations and REHs in a cohort of patients with comorbid COPD (n = 187).
KEY TAKEAWAYS:
• There was an overall reduction in PA pressures; patients in the treatment group (n = 91) had an average AUC reduction of 202 mmHg days compared to the increase of 107 mmHg days in the control group (n = 96; p = 0.03).
• At 15 months, there was a 41% reduction in heart failure hospitalization rates in the treatment group vs. the control group (0.55 vs. 0.96; HR 0.59; 95% CI 0.44 to 0.81; p = 0.0009).
• At 15 months, patients in the treatment group (n = 91) had a 62% reduction in REH (0.12 vs. 0.31; HR 0.38; 95% CI 0.21 to 0.71; p = 0.0023).
• Average PA pressures increased during the six weeks prior to heart failure hospitalizations in both groups (p < 0.0001) and decreased significantly after successful in-hospital decongestion (p < 0.0001).
• Treatment patients with heart failure hospitalizations had lower pressures compared to control patients with heart failure hospitalizations at all time points prior to hospitalization:
-Treatment patients also had lower PA pressures compared to the control patients regardless of hospitalization type (heart failure related or non-heart failure related).
• Higher PA pressures and increases in PA pressure were both associated with increased risk for heart failure hospitalizations.
• Heart failure treatment strategies that target both high PA pressure and increases in PA pressures may be effective strategies for lowering the risk of decompensation in chronic heart failure patients.
BENEFITS OF PULMONARY ARTERY PRESSURE MONITORING IN PATIENTS WITH NYHA CLASS III HEART FAILURE AND CHRONIC KIDNEY DISEASE: RESULTS FROM THE CHAMPION TRIAL
Abraham, et al. J Card Failure. 2014. 18 This subgroup data analysis from the CHAMPION clinical trial compared heart failure hospitalizations between NYHA Class III heart failure patients with CKD monitored (mean follow-up of 18 months) with PA pressure (n = 150) to those managed with SOC (n = 147):
• When CKD patients were managed with PA pressures, heart failure hospitalization rates were significantly reduced (42%) compared to patients with CKD managed according to SOC (0.48 vs. 0.83; HR 0.58; p < 0.001).
• Changes in CKD indicators (creatinine and glomerular filtration rates) were not adversely affected in the PA pressure-monitored group.
KEY TAKEAWAYS:
• CKD in patients with heart failure is a frequent comorbidity that is associated with worse clinical outcomes, including higher heart failure hospitalization rates.
• For heart failure patients with CKD, PA pressure monitoring reduced heart failure hospitalizations by 42% compared to SOC heart failure management.
• Intensified heart failure medical therapy as a result of PA pressure monitoring was safe and did not adversely affect renal function.
LIMITATIONS OF RIGHT HEART CATHETERIZATION IN THE DIAGNOSIS AND RISK STRATIFICATION OF PATIENTS WITH PULMONARY HYPERTENSION RELATED TO LEFT HEART DISEASE: INSIGHTS FROM A WIRELESS PULMONARY ARTERY PRESSURE MONITORING SYSTEM
Raina, et al. JHLT. 2015. 21 • This CHAMPION sub-study compared the use of the CardioMEMS™ HF System with RHC to diagnose and stratify risk in patients with PH.
• RHC identified 320 patients with PH (defined as mean PA pressure > 25 mmHg) and among these patients mean PA pressure obtained from RHC was similar to the CardioMEMS HF System's first-week PA pressure.
• RHC also identified 217 patients without PH (defined as mean PA pressure readings ≤ 25 mmHg) and 51% of them met this definition according to data obtained from the CardioMEMS HF System (18.5 for the RHC vs. 18.4 for the CardioMEMS HF System, p = 0.9208).
• The other 49% of patients identified by RHC as not having PH had first-week mean PA pressure readings > 25 mmHg with the CardioMEMS HF System, indicating PH.
• Among the 217 patients using the CardioMEMS HF System diagnosed by RHC as non-PH, the 49% with first-week mean PA pressure readings > 25 mmHg had significantly higher heart failure hospitalization rates than the 51% of patients with readings ≤ 25 mmHg (0/49 vs. 0.25/year, p = < 0.0001).
KEY TAKEAWAYS:
• This analysis suggests that using RHC alone may result in PH underdiagnoses in patients with heart failure.
• In this study, the more frequent PA pressure monitoring with the CardioMEMS HF System provided better diagnostic and risk stratification compared with single RHC.
THERAPY GUIDED BY PA PRESSURE ALONE VS. SIGNS AND SYMPTOMS
PRESSURE FOR ACTION: IMPLANTABLE PULMONARY ARTERY PRESSURE SENSOR MEASUREMENTS ALONE BEAT CLINICAL SIGNS TO GUIDE PREVENTION OF HEART FAILURE HOSPITALIZATIONS
Goldberg LR, et al. HRS 2015 Abstract AB36-02. 22 • Data analysis from the CHAMPION clinical trial during the six-month primary endpoint period:
-550 patients: 270 in the treatment group and 280 in the control group.
• All interventions for patients in the PA pressure-managed group were characterized prospectively by investigators as triggered primarily by clinical findings OR by changes in PA pressure.
• Heart failure hospitalization rates were lowest in patients for whom all diuretic interventions were triggered by PA pressure (0.39 events/patient-year), despite this cohort having the highest baseline PA pressure (Figure 8 ).
• There was a statistically significant 67% RRR of heart failure hospitalizations if a patient's diuretic interventions were managed with PA pressure alone vs. clinical signs only (HR 0.33; 95% CI 0.16 to 0.59; p = 0.0007).
• Medication changes based on PA pressure information were more effective in reducing heart failure hospitalizations than using signs and symptoms alone.
KEY TAKEAWAYS:
• Heart failure hospitalization rates (events/patient-year) were significantly reduced if a patient's diuretic management therapies were managed by:
-PA pressure only compared to clinical signs (67% reduction).
-PA pressure and clinical signs compared to clinical signs (46% reduction).
• Heart failure hospitalization rates were most effectively reduced by a management strategy based on PA pressures without reliance on clinical changes.
• This supports the strategy of early intervention prior to clinical signs to avert clinical decompensation and heart failure readmissions. 1,2
CONCLUSION:
Managing medical therapy based on PA pressures, along with follow-up lab and patient assessments, led to significantly better outcomes than managing based on clinical signs and symptoms.
Managing medical therapy based on PA pressures, along with follow-up lab and patient assessments, led to significantly better outcomes than managing based on clinical signs and symptoms. • Medication changes based on PA pressure information were more effective in reducing heart failure hospitalizations than using signs and symptoms alone. 
MEDICATION INCREASES AND DECREASES IN RESPONSE TO PA PRESSURE:
• Knowledge of ambulatory PA pressures leads to more interventions that reduce heart failure events compared with standard clinical assessment.
• The current study is focused on the degree and nature of the interventions made.
• Most medication interventions in CHAMPION were adjustments in diuretics.
• It is not known when vasodilators would be more effective than diuretics to maintain lower filling pressures. Neither is it known how titration of ACEIs/ARBs and BBs should be modulated by knowledge of ambulatory filling pressures that are too high or too low.
• The current analysis validates the target pressure ranges and the algorithm for intervention that can be used as a starting point to reduce heart failure hospitalizations and improve patient outcomes in previously hospitalized NYHA Functional Class III patients. • 245 patients were included in the analysis: 120 in the PA pressure treatment group and 125 in the SOC control group.
MEDICARE-ELIGIBLE POPULATIONS
• In this analysis, patients managed with PA pressure compared to those managed according to SOC experienced: 
The CHAMPION Trial Subgroup Analyses: Reduction of Heart Failure Hospitalization in Patient Groups with Common Comorbidities
Patients with common heart failure comorbidities and patents in important subgroups have consistent reduction in heart failure hospitalizations with PA pressure-guided therapy.
Heart failure is often associated with a variety of comorbidities such as respiratory disease, coronary artery disease and AF. These comorbidities contribute to disease progression and may alter the response to treatment. 24 This section highlights additional subanalyses from the CHAMPION clinical trial that consistently show that PA pressure-guided therapy reduces heart failure hospitalizations in patients with common heart failure comorbidities. Table 2 summarizes the rate of heart failure hospitalizations across the different studies. 
THE UTILITY OF A WIRELESS IMPLANTABLE HEMODYNAMIC MONITORING SYSTEM IN PATIENTS REQUIRING MECHANICAL CIRCULATORY SUPPORT
KEY TAKEAWAY:
• LVAD patients who received PA pressure-guided therapy (15 out of 27 patients) had significantly shorter times to VAD intervention (p = 0.001), more changes to medical therapy based on hemodynamic information (p = 0.025) and shorter times between VAD intervention and heart transplantation (p = 0.001).
The CardioMEMS™ HF System Commercial Experience: Results from Real-world Studies
HEMODYNAMIC-GUIDED HEART-FAILURE MANAGEMENT USING A WIRELESS IMPLANTABLE SENSOR: INFRASTRUCTURE, METHODS, AND RESULTS IN A COMMUNITY HEART FAILURE DISEASE-MANAGEMENT PROGRAM
Jermyn R, et al. Clin Cardiol. 2016. 29
KEY TAKEAWAY:
• Hemodynamic-guided heart failure management leads to significant improvements in NYHA Class and heart failure hospitalization rate in a small single-center study in a real-world setting, compared with usual care delivered in a comprehensive disease-management program:
-Three-fold greater improvement in KCCQ scores.
-Increase in 6MWD: Average increase of 96 meters at 90 days vs. no increase in the SOC group. Greatest reduction in mean PA pressure observed for CardioMEMS™ HF System patients with higher baseline PA pressure. Patients in the treatment group with baseline PA pressure at goal, remained at goal over time. 
Post-approval Observational Study of the CardioMEMS™ HF System Large (N = 2000) Observational Study from the First 2000 Commercially Implanted Patients
Pressure Changes Stratified by Baseline PA Pressure
Pressures Are Reduced Equally Well in HFrEF and HFpEF, as Well as Male and Female
KEY TAKEAWAYS:
• High transmission compliance.
• Data drove appropriate patient care.
• Same results in HFpEF and HFrEF.
• "Long-term patient acceptance and adherence is clearly demonstrated."
• "The magnitude of pressure lowering … was significantly larger than was seen in the pivotal clinical trial." 
STUDY OBJECTIVE:
This study examined the impact of ambulatory hemodynamic monitoring on clinical outcomes in patients with heart failure, asking the following questions:
• Is ambulatory hemodynamic monitoring associated with differences in rates of survival or heart failure hospitalization in a non-trial setting?
• Are results sustained at 12 months? Figure 19 . These benefits support the real-world effectiveness of this approach to heart failure management.
CONCLUSION:
In this large, retrospective, Medicare administrative claims analysis, the authors observed:
• Significantly lower rates of all-cause mortality (30%) and heart failure hospitalization (24%) among heart failure patients implanted with a CardioMEMS™ PA Sensor versus a contemporary cohort of matched controls (p < 0.001 for each).
• Reduced rates of heart failure hospitalization and mortality for CardioMEMS™ HF System patients are similar to outcomes from the CHAMPION trial, even though patients in this study are significantly older.
• Meaningful reductions in the number of days lost to death or hospitalization (17.5-18.5 days), a metric that is meaningful to patients, physicians and payers. 
STUDY OBJECTIVE:
Pilot study (N = 26) designed to evaluate the feasibility and early safety of monitoring patients with PAH and right-sided heart failure using the CardioMEMS™ HF System. Note:
The objective of this pilot study was to test the feasibility of monitoring therapy, not necessarily to use the CardioMEMS HF System to guide the therapy. 
KEY RESULTS:
Significant reductions in PA pressures (PAPm, 42 ± 13 to 34 ± 14 mmHg) and elevations in CO (5.8 ± 1.5 to 6.8 ± 1.8 L/min) were observed over one year of CardioMEMS HF System-monitored therapy. There were also observed elevations in SV, vascular compliance, SVi and Eff, as well as reductions in SW and TPR.
In the AUC analyses shown below, SV, TPR and compliance all exhibited significant changes at 12 months relative to baseline (p < 0.05). In patients that were highly managed (nine or more medication changes) within the first 4 months (most with serial changes in parenteral prostacyclins, based on knowledge of hemodynamics), early hemodynamic changes were well-visualized and captured using the CardioMEMS™ HF System. Therefore, home monitoring and capturing significant changes in hemodynamic responses to changes in drug therapy over time are feasible.
Changes in NYHA Class from baseline (p < 0.001), natriuretic peptides (p < 0.01) and Minnesota Living with Heart Failure Questionnaire quality of life score (p < 0.001) for the implanted cohort with at least one-month follow-up post-implant (n = 24) were all encouraging. These improvements mirrored the hemodynamic changes illustrated in the figures above. In addition, 6MWD correlated with CardioMEMS HF System-determined hemodynamics.
These changes were analyzed to demonstrate potential alternative efficacy endpoints that could be used in future trials of the device in PAH and to visualize the parallel between patterned hemodynamic changes obtained through monitoring with the CardioMEMS HF System and other outcomes assessed in clinic. The case example below shows early clinical worsening for a patient weeks prior to a heart failure hospitalization and subsequent hemodynamic recovery. 
C.
SVi
SW TPR Eff
Pre-heart failure hospitalization; PA pressure rise Heart failure hospitalization
KEY TAKEAWAYS:
• PAH is a progressive chronic disease that ultimately progresses to right heart failure and death.
• This feasibility study of 26 patients with PAH indicates that the CardioMEMS™ HF System can be used to monitor and effect favorable changes in hemodynamics, and may help guide medical therapy in these patients, resulting in improved outcomes.
• Improvements in patients' hemodynamics correlated with improvements in NYHA functional class, natriuretic peptide levels, quality of life and 6MWD.
• Use of the CardioMEMS HF System in this pilot study was associated with short-and long-term safety.
CONCLUSION:
The CardioMEMS HF System provided useful information to monitor PAH therapy, and demonstrated short-and long-term safety. Larger clinical trials are needed before its widespread use to guide therapy in patients with severe PAH with right-sided heart failure.
HEMODYNAMIC-GUIDED MANAGEMENT OF HEART FAILURE (GUIDE-HF)
Lindenfeld, et al. Am Heart J. 2019. 34 • Largest trial ever (N = 3600) to study hemodynamic-guided heart failure management.
• Includes patients currently indicated for the CardioMEMS™ HF System, as well as heart failure patients with NYHA Class II and IV, and heart failure patients with elevated natriuretic peptides without recent heart failure hospitalization.
• Randomized arm (N = 1000) to evaluate the effects of the CardioMEMS HF System on heart failure hospitalization and death, as well as quality of life and functional capacity in NYHA Class II-IV patients with a heart failure hospitalization in the past 12 months or elevated natriuretic peptide levels in the previous 30 days, regardless of left ventricular ejection fraction.
• Single arm (N = 2600) to determine whether PA pressure-guided care is as effective in NYHA Class III patients enrolled based on elevated natriuretic peptide levels as it is in those with a prior heart failure hospitalization.
• Secondary endpoints: Cumulative heart failure event rates 12 months post-implant versus heart failure event rates 12 months pre-implant.
• Positive results will help lead to entry into ACC and AHA heart failure guidelines and obtain CMS National Coverage Determination.
Exclude
Randomized Arm Single Arm
Yes Yes Patients with NYHA Class II-IV symptoms regardless of LVEF with a previous heart failure hospitalization and/or elevated natriuretic peptides 
Healthcare Economics
HEALTH ECONOMIC IMPACT OF A PULMONARY ARTERY PRESSURE SENSOR FOR HEART FAILURE TELEMONITORING: A DYNAMIC SIMULATION
SUMMARY:
This simulation estimated the reductions of heart failure hospitalizations with PA guided care, the improvement on quality of life and the economic savings as a result of implementation in the German healthcare system. This simulation also showed the rise of heart failure prevalence numbers in the context of an aging population, and given the considerable burden of heart failure, the potential of a PA pressure monitoring system to improve the management of heart failure patients and enable cost savings at the same time is substantial. 
PULMONARY ARTERY PRESSURE-GUIDED HEART FAILURE MANAGEMENT: US COST-EFFECTIVENESS ANALYSES USING THE RESULTS OF THE CHAMPION CLINICAL TRIAL
KEY RESULTS:
The primary effectiveness endpoint was the ICER comparing the costs and QALYs of heart failure hospitalization outcomes in the CHAMPION treatment and control groups. The model was used to extrapolate this endpoint to five years.
Over the five-year projections, patients in the treatment group had average QALYs of 2.56 with a total cost of $140,966; patients in the control group had QALYs of 2.16 with a total cost of $133,681. The ICER was $18,515 per QALY (Table 3) .
CONCLUSION:
This study, based on the results of the CHAMPION clinical trial, used standard economic modelling to show that PA pressure-guided management of heart failure using the CardioMEMS™ HF System is cost-effective from the perspective of U.S. payers. The ICERs, when considered for heart failure management or comprehensive management, were well below the conventional U.S. acceptability threshold of $50,000. 
STUDY OBJECTIVE:
Heart failure treatment guided by physicians using the CardioMEMS HF System has been shown to reduce heart failure hospitalizations, but uncertainty remains regarding the value of the CardioMEMS HF System in European health systems where healthcare costs are significantly lower than in the United States.
METHODS:
A Markov model was developed to estimate the cost-effectiveness of PAP-guided treatment of heart failure using the CardioMEMS HF System compared with usual care. Cost-effectiveness was measured as the incremental cost per QALY gained.
KEY RESULTS:
• In the base case analysis over a time horizon of 10 years, PAPguided heart failure therapy increased cost compared with usual care by £10,916 (€14,030) (i.e., from £6,189 in usual care to £17,104 in PAP-guided heart failure therapy).
• QALYs per patient for usual care and PAP-guided patients were 2.57 and 3.14, respectively, an increase of 0.57 QALY with PAP-guided treatment.
• The resultant ICER is £19,274 (€24,772) per QALY gained.
• The base case analysis did not include staff time due to a lack of data.
• Running the model with estimated staff time included resulted in an increased ICER of between £22,342 and £25,464 per QALY gained (€28,709-€32,721).
CONCLUSION:
The analysis indicates that the CardioMEMS HF System could provide a cost-effective means for heart failure physicians to manage and treat patients outside of face-to-face clinic appointments, shifting care from the hospital/clinic to the home, reducing resource-intensive hospitalizations and improving the quality of life of patients suffering from heart failure.
65% of the overall heart failure medication changes were made in the first 90 days, with trends of stabilization and significantly fewer medication changes during the second 90 days.
MEDICATION CHANGES SIGNIFICANTLY REDUCED IN FIRST 90 DAYS VS. SECOND 90 DAYS IN THE PAS
Significantly greater reductions in mean PA pressure for the PAS cohort relative to the CHAMPION control group after six months, and qualitatively greater reductions compared to the CHAMPION treatment group. In the post-approval study, there were 56 heart failure hospitalizations (0.20 events/pt-6m) in 43 pts. 
CHAMPION Control
THE CARDIOMEMS™ HF SYSTEM IS PROACTIVE AND ACTIONABLE; GDMT IS REACTIVE AND INEXACT
